Background: While deaths, hospitalizations, and emergency department visits for head trauma are well understood, little is known about presentations in outpatient settings. Our objective was to examine the epidemiology and extent of healthcare-seeking adult (18-64 years) head trauma patients presenting in outpatient settings compared with patients receiving nonhospitalized emergency department care. Methods : We used 2004: We used -2013 MarketScan Medicaid/commercial claims to identify head trauma patients managed in outpatient settings (primary care provider, urgent care) and the emergency department. We examined differences in demographic and injury-specific factors, Centers for Disease Control and Prevention-defined head trauma diagnoses, and extent of and reasons for postindex visit ambulatory care use within 30/90/180 days by index visit location, as well as annual and monthly variations in head trauma trends. We used outpatient incidence rates to estimate the US nationwide outpatient burden. Results: A total of 1.19 million index outpatient visits were included (emergency department: 348,659). Nationwide, they represented a weighted annual burden of 1.16 million index outpatient cases. These encompassed 46% of all known healthcare-seeking head trauma in 2013 (outpatient/emergency department/inpatient/fatalities) and increased in magnitude (+31%) from 2004 to 2013. One fourth (27%) of office/clinic visits led to diagnosis with concussion on index presentation (urgent care: 32%). Distributions of demographic factors varied with index visit location while injury-specific factors were largely comparable. Subsequent visits reflected high demand for follow-up treatment, increased concussive diagnoses, and sequelae-associated care. Conclusions: Adult outpatient presentations of head trauma remain poorly understood. The results of this study demonstrate the extensive magnitude of their occurrence and close association with need for follow-up care.
providers, policy makers, and loved ones of injured patients both approach and understand the extent and consequences of traumatic brain injuries, including an increased awareness of concussive sequelae that often extend beyond the observable span of the initial injury. In the United States, head trauma surveillance efforts have historically been centered around a traumatic brain injury pyramid ( Figure 1A ) created by the Centers for Disease Control and Prevention (CDC) in 2004. [1] [2] [3] [4] The pyramid classifies head injuries according to location of care in order of severity and anticipated burden size with deaths at the pyramid's peak, followed by inpatient hospitalizations, emergency department visits, and a collective group expected to be the largest in number that seek other types of care or receive no care. At the time of the pyramid's creation, the CDC noted that " [t] here is no estimate for the number of people with nonfatal TBI seen outside of an emergency department or hospital setting." 3, 4 More than a decade later, the epidemiology of head trauma treated in outpatient settings remains largely unknown, particularly for adult patients ( Figure 1B) . What information on outpatient presentations is available is almost entirely restricted to pediatric (<18 years) and older adult (>64 years) populations. [5] [6] [7] [8] [9] [10] As a result, providers and policymakers have begun to call for improvements in surveillance and understandings of the epidemiology of head trauma, particularly minor head injury and concussion. [11] [12] [13] Emerging pediatric literature suggests that much of this burden is likely to be found in outpatient locations managed by primary care providers. 5, 10, [14] [15] [16] [17] Exclusion of such patients from ongoing surveillance efforts has the potential to underestimate conclusions and lead to suboptimal management of limited head trauma prevention, treatment, and provider training resources. 18 To better understand the issue among adult patients, the objectives of this study were as follows:
Estimate the national burden of adult head trauma in patients seeking care as outpatients; Define epidemiologic characteristics of the population, including demographic and injury-specific factors, CDCdefined head trauma diagnoses, and the extent of and reasons for postindex visit ambulatory care use within 30/90/180 days; Examine temporal and seasonal variability.
METHODS

Study Population
We identified index outpatient visits with International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) diagnosis codes consistent with the CDC's definition of traumatic brain injury [1] [2] [3] [4] 19, 20 MarketScan provides unique longitudinal data, offering the largest national record of outpatient data inclusive of adults aged 18-64 years. 19, 20 It incorporates information from adjudicated and paid insuranceclaims filed by employment-based private insurance and the Centers for Medicare & Medicaid Services. 19, 20 Inclusion/exclusion criteria are presented in eFigure 1; http://links.lww.com/EDE/B388. Index outpatient visits were defined as initial office/clinic or urgent care presentations with subsequent care received exclusively in ambulatory settings. Ambulatory settings were defined as presentation to either an outpatient setting or the emergency department without subsequent inpatient hospitalization. Index visits were excluded if they were treated in locations other than outpatient settings; follow-up visits after initial delivery of inpatient care; referrals to higher levels of care, including any subsequent inpatient admission; or for patients aged <18 or >64 years. We included index emergency department visits meeting the same criteria as a comparison. For patients with multiple visits, 180 days were required to have passed since a previous index visit to constitute a second index visit with no indication of follow-up care in the 30 days before the second visit. Unless otherwise denoted by missing indicator variables, visits for patients missing information were also excluded.
We grouped included index visits into three categories: urgent care, office/clinic, and emergency department. Demographic factors (age, sex, insurance, region, year), injuryspecific characteristics (loss of consciousness derived from ICD-9-CM codes, Charlson Comorbidity Index, maximumhead Abbreviated Injury Scale, overall Injury Severity Score), variations in postindex visit ambulatory care use, and CDCdefined head trauma diagnoses were compared among office/ clinic, urgent care, and emergency department settings using descriptive statistics. Comorbidity and injury severity scores were calculated using ICD-9-CM diagnosis and E-codes.
Trends in Temporal and Seasonal Data
We used joinpoint regression to examine annual temporal trends.
21-23 Joinpoint regression is a segmented linear-modeling technique that describes changing trends over successive segments of time and the amount of increase/decrease associated with each. [22] [23] [24] Segment connections, termed joinpoints, are assigned by the model at places where changes in trend beyond a predetermined threshold occur. Slopes join linear segments between them and provide estimates of the annual percent-change during that period. An overall average annual percent-change is calculated as the weighted geometricaverage of the segment slopes with weights set equal to the segment lengths. [22] [23] [24] Up to two joinpoints were allowed. Temporal trends were examined by index visit location and type of insurance (private versus Medicaid). Outpatient seasonal trends were also examined by month from January 2010 to December 2013. Variations were assessed overall and stratified by insurance.
National Estimates of the Outpatient Burden
To obtain national estimates for 2013, we multiplied observed rates of (insurance-specific) office/clinic, urgent care, and emergency department visits per 100,000 adult MarketScan enrollees by the (insurance-specific) portion of the 2013 US adult population aged 18-64 years. 25 We assumed rates of uninsured visits were equal to the national Medicaid rate (eTable 1; http://links.lww.com/EDE/B388).
14 For the sake of comparison to previous research, 14 sensitivity analyses assessed broadly defined alternative specifications in which the uninsured rate was set equal to 10%, 25%, 50%, and 150% of the Medicaid rate. 
RESULTS
National Burden of Adult Outpatient Head Trauma
A combined total of 1.54 million index visits met inclusion criteria for the 2004-2013 time period. One fifth (n=348,659; 23%) were managed in a hospital emergency department (Table 1 ). An additional 1% (n=12,958) were treated in an urgent care center while 1,175,913 (77%) were managed in an office/clinic. The majority (n=1.19 million) consisted of outpatient visits to office/clinic settings or urgent care. Nationwide in 2013, previously unaccounted for adult outpatient index visits represented an estimated annual incidence of 1.16 million outpatient visits (90% CI = 1.14, 1.18 million) and 134,900 hours of provider time (eTable 1; http://links.lww.com/EDE/B388). When ambulatory emergency department visits defined under the same criteria were included, the numbers increased to 1.64 million annual index visits (90% CI = 1.61, 1.67 million) and 190,900 hours of provider time.
Epidemiologic Characteristics of the Observed (Insured) Population
Epidemiologic characteristics stratified by index visit location, including variations in demographic and injury-specific factors, CDC-defined head trauma diagnoses, and postindex visit ambulatory care use, are presented in Tables 1-3,  eTable 4 ; http://links.lww.com/EDE/B388, Figure 2A and B, and eFigure2; http://links.lww.com/EDE/B388.
Demographic Patient Factors
In the emergency department, presentation of adult head trauma decreased as patients aged, dropping from 28% among adults aged 18-24 years to 15% among adults aged 55-64 years (Table 1) . Urgent care visits also decreased with age while the proportion of office/clinic visits remained close to young adult levels (18-24 years: 24%; 55-64 years: 20%). Adults aged 18-24 years comprised the highest proportion of visits in both settings. In all three index visit locations, males presented more frequently than females (54%-58% vs. 42%-46%). Insurance differences were most pronounced in urgent care (Medicaid: 7% vs. private: 93%) and office/clinic settings (14% vs. 86%). In the emergency department, Medicaid insured 50% of ambulatory head trauma patients.
Injury-specific Patient Factors
Most index visits presented as isolated (Injury Severity Score = 4-8: emergency department 89%, urgent care 95%, office/clinic 86%), nonsevere head injuries (maximum head Abbreviated Injury Scale < 3: 95%, 98%, 93%). The majority did not present with any pre-existing comorbidity (Charlson Comorbidity Index = 0: 90%-99%). An additional 1% (urgent care) to 8% (emergency department) had a comorbidity index score of 1; 3% (urgent care) to 7% (office/clinic) were diagnosed with ICD-9-CM codes suggestive of loss of consciousness. Differences between emergency department and office/ clinic visits were largely not clinically meaningful. Urgent care visits had less severe indications.
CDC-defined Diagnoses
Most index visits, regardless of location, had a documented diagnosis of "unspecified head-injury" (959.01: emergency department 82%, urgent care 69%, office/clinic 73%; Table 2 ). In office/clinic settings, 30% of these visits were did not involve diagnosis with other recorded head trauma diagnoses on index presentation. In the emergency department, >50% of index visits did not have a second head trauma diagnosis recorded. One fifth (ambulatory emergency department) to one third (urgent care) were diagnosed with a concussion (850.x: emergency department 20%, urgent care 32%, office/ clinic 27%). A combined 7% were diagnosed with "other or unspecified" intracranial wounds (854.x: emergency department 6%, urgent care 3%, office/clinic 7%).
Postindex Visit Ambulatory Care Use
Outpatients originally presenting for management in office/clinic settings had an average of 4.6 subsequent ambulatory visits within 180 days of their index visit (1.2 visits within 30 days; The 20 most prevalent primary diagnoses recorded among adult patients on subsequent ambulatory presentation within 30 and from 31 to 180 days are presented in eTable 4; http://links.lww.com/EDE/B388. Within 30 days, the most frequent diagnoses appear to correspond to follow-up head trauma care, presenting as outpatient visits for unspecified head injury (21%), other or unspecified intracranial wounds (5%), and an increased percentage of patients diagnosed with a primary diagnosis of concussion (collectively 19%). Seventeen of the 20 most prevalent diagnoses were consistent with either head trauma follow-up or recovery (e.g., contusions, open head wounds) and associated sequelae (e.g., headaches, postconcussion syndrome, documented changes in consciousness and activity). From 31 to 180 days, the relative frequency of routine forms of outpatient care (e.g., routine medical/physical examinations, screening mammograms, influenza vaccinations) and presentations for other types of chronic (e.g., hypertension/hyperlipidemia, diabetes mellitus) and acute (e.g., acute pharyngitis) conditions became more common. Presentations related to head trauma follow-up and sequelae, however, remained among the most frequent primary diagnoses reported.
Temporal and Seasonal Trends
The overall observed annual rate of presentation for ambulatory treatment of head trauma increased by more than 31% across the study period, growing from 468 per Figure 2 . Patients with private insurance (Figure 2A ) and Medicaid ( Figure 2B Seasonal trends in the monthly rates of outpatient head trauma index visits are presented in eFigure 2; http://links.lww. com/EDE/B388 (values eTable 6; http://links.lww.com/EDE/ B388). Akin to annual rates, monthly rates among Medicaidinsured outpatients were approximately twice as high as those among privately insured patients. Both groups demonstrated similar seasonal trends: relatively constant rates from February to October, a slight drop during November to December, followed by a peak during January each year. The size of seasonal fluctuations among Medicaid patients appeared more pronounced relative to smaller changes seen among privately insured patients. Patterns for overall outpatient trends were dominated by the larger volume of privately insured cases.
DISCUSSION
This study of the epidemiology of outpatient head trauma used national data to demonstrate that nearly one half (46%; Figure 1B ) of all known healthcare-seeking visits for head trauma in adult patients occurred in nonhospital, nonemergency department settings in 2013, primarily in physician's offices/clinics. The observed sample of 1.02 million privately insured and 165,000 Medicaid outpatient index visits represent one of the largest populations examined to date and one of the first to consider the burden of adult head trauma in outpatient settings. When applied to the national US population in 2013, inclusive of uninsured patients, 25 previously unaccounted for treatment of adult head trauma in office/clinic and urgent care settings would have encompassed as many as 1.16 million initial physician visits and 134,900 hours of provider time among patients aged 18-64 years.
The results build on what information is known about adult presentations for head trauma in outpatient settings. Before this work, in a 5-year assessment of data from National Ambulatory Medical Care Survey/National Hospital Ambulatory Medical Care Survey, 2005-2009, Mannix and colleagues 5 identified 133 outpatient office/clinic visits for minor head injury among adults aged 19-64 years, weighted to represent 1,838,600 outpatient visits nationwide-an average of 367,700 visits per year. Trends reported for patients of all ages from 1995 to 2009 using the same data sources further suggest that age-adjusted rates of outpatient use for head trauma have increased from 277 (1995-1997) to 380 (2007-2009) index visits per 100,000 population over the span of 3 years. 8 Our results concur, revealing that, among adult outpatients specifically, annual rates have increased from 292 to 477 office/clinic visits per 100,000 adult population between 2004 and 2013. In Ontario, Canada, work by Ryu et al. 7 conducted among 876 potential mild head injury cases aged ≥16 years in 2001 demonstrated that inclusion of patients initially presenting to family physicians increased the incidence of identified ambulatory head trauma cases by a relative +22%. Mimicking the dramatic increase in burden size when outpatient cases were included on a nationwide scale, they found that rates of identified index cases increased from 535 per 100,000 adult population based on ambulatory emergency department presentation alone to 653 per 100,000 adult population based on emergency department presentation or presentation to a family-medicine provider. A total of 25 family-medicine (outpatient) cases were included. 7 Similar trends have also been reported among outpatient presentations for pediatric patients aged ≤18 years. 5, 10, [14] [15] [16] [17] Akin to younger patients, 14, 16 findings among adults suggest that there could be a tendency for many mild head injury cases to preferentially present to outpatient instead of emergency department care.
Relative to index head trauma visits reported in MarketScan among pediatric patients, 14 adult outpatient index visits occurred at a much lower rate (2013: 477 vs. 1071 index visits per 100,000 similarly-aged enrollees), exhibited less seasonal fluctuation, and pointed to inverted insurancebased trends in the relative rates of privately insured versus Medicaid use (2013 pediatric: 1204 privately insured vs. 760 Medicaid-insured index visits per 100,000 similarly insured pediatric enrollees aged <18 years; 2013 adult: 442 privately insured vs. 779 Medicaid-insured index visits per 100,000 similarly insured adult enrollees). For both age groups, privately insured office/clinic visits constituted the majority of outpatient index cases, and annual outpatient index visit rates increased from 2004 to 2013. 14 In the emergency department, observed index visit rates among adult Medicaid patients closely mimicked those reported by the CDC for any head trauma-related emergency department presentation among adults with any form of primary payer. 1 Rates among privately insured patients were much lower. The extent to which this affects national estimates and changes in emergency department presentation over time can be appreciated in several ways: (1) While presumed reasonable to match uninsured use to Medicaid rates in an outpatient setting given the tendency for patients' ability to pay to influence injury-related utilization of outpatient care, 14, [28] [29] [30] application of the same standard to emergency department settings for the sake of consistency in this study represents an anticipated underestimate of uninsured emergency department use that likely explains much of the difference between CDC overall emergency department estimates 1 and those extrapolated from MarketScan rates (eTable 1; http://links.lww.com/ EDE/B388); (2) emergency department estimates reported by the CDC on a national scale include all emergency department presentations, including those subsequently transferred/readmitted to higher levels of care and without exclusion for prior head trauma-related health-system use 1 ; and (3) both datasets represent weighted administrative claims on which varying assumptions are based. 31 Changes among adults in the outpatient setting were primarily driven by increasing rates of office/clinic index visits (+63% relative change), among privately insured patients (+78%). Such findings are consistent with expectations based on emerging trends for concussion and mild head injury observed in nonoutpatient locations. 12, 13, 32 Work by Coronado et al. 32 suggests that among all emergency department visits for patients aged ≥20 years, including those with and without subsequent inpatient admission, bicycling and all-terrain vehicle use among males and bicycling and horseback-riding among females constitute the highest proportions of sportsand recreation-related head trauma. Within the workplace, data suggest important contributions from occupations that typically employ young adult males involved in manufacturing and transportation industries, as well as those with construction and farm jobs. [33] [34] [35] [36] [37] Further research is needed to determine how outpatient injuries were sustained. Increasing trends in outpatient presentation are likely to be, at least partially, explained by increased awareness of the need for sports and recreational safety 38, 39 ; increased pressure among providers to diagnose and report concussion and mild head injury, which have historically been underdiagnosed [40] [41] [42] ; and increased visibility in the US media of the consequences of blast-related head trauma among returning veterans, as well as ongoing discussions surrounding concussion prevalence in professional sport. 8 Most patients were diagnosed with minor head injuries; 75% with unspecified head injury and 25% with concussion. Thirty percent of office/clinic index visits did not have a second head trauma diagnosis recorded during index presentation other than 959.01. The meaning of this code can be controversial with research, suggesting that inclusion or exclusion could result in either over-or underestimation. 5, [43] [44] [45] Given that it is a part of the definition employed in surveillance by the CDC [1] [2] [3] [4] and that published studies have used it to denote mild head injury and concussion, 46 we felt it important to include. It is possible that in a study of index outpatient and ambulatory emergency department visits part of the prevalence of this code could be due to clinicians' decision to reserve a definitive diagnosis while considering others in the differential, particularly if patients require follow-up care. Primary diagnoses on postindex visits within 30 days appear consistent with the assertion as does the higher isolated prevalence of the code among ambulatory emergency department index visits. Studies of concussion within the pediatric literature further suggest that part of the prevalence of the more nondescript code in ambulatory settings may also stem from a lack of "adequate training or infrastructure [among primary care and emergency medicine providers] to systematically diagnose and manage" 47 the increasing burden of concussion patients presenting for outpatient care. [47] [48] [49] [50] Recent surveys of primary care providers report that providers feel that they have insufficient training and have time to properly manage patients with head injury, 48 limiting adoption of best practices and potentially undermining the timely receipt of more specific diagnoses and care.
The study has limitations, several of which come from its reliance on a retrospective administrative database where completeness of information, lack of clinical detail (including more specific measures of altered mental status, imaging, and concussion symptomatology), and accuracy of reporting can be concerns. The study allowed for one of the first assessments of adult head trauma treated in outpatient settings using a large national sample of Medicaid and privately insured cases. It did not, however, allow for direct assessment of uninsured patients who, while not expected to represent a large proportion of office/clinic or urgent care use, did represent 18% of the national adult population in 2013. 25 As a result of this prevalence, sensitivity analyses reported in eTables 2 and 3; http:// links.lww.com/EDE/B388 should be consulted when utilizing estimates presented in this work. Differences in data sources should be carefully considered. For example, while nationally weighted Nationwide Emergency Department Sample data used to capture emergency department visits are inclusive of uninsured patients ( Figure 1B) , they lack information on what happens to patients in the proceeding 30 and subsequent 180 days-factors used in this study to define a more conservative, robust ambulatory emergency department and outpatient head trauma population. Initial assessment of subsequent ambulatory use included all patient presentations, whether specifically related to head trauma or not. Further research is needed to understand how head trauma-specific trajectories progress over time, relative to other patients, and beyond 180 days.
In conclusion, our findings suggest that nearly one half of all healthcare-seeking adult patients with head trauma obtain treatment in nonhospital, nonemergency department settings, with most receiving care in physicians' offices/clinics. As annual rates of outpatient presentation among insured patients continue to increase, it will be essential to recognize and be able to address the unique health needs of adult patients. Declining trends in head trauma-related fatalities and inpatient admissions within this age group 4 suggest that the burden of adult head trauma is shifting, moving toward less severe presentations and less centralized care avenues. As the trend progresses, expanded surveillance will be needed to provide data crucial to inform policy, prevention, and acute care, rehabilitation, and disability-support services required to improve the quality-of-life of this population. This data gap becomes particularly pronounced among adult head trauma patients whose needs have historically been overlooked in favor of programs designed to address the needs of younger and older patients. Increased reporting of and research about adult outpatient head trauma needs will help to enable the optimization of awareness and care for all patients at all levels of the head trauma pyramid and to focus attention on the part of the pyramid where the "silent epidemic" [1] [2] [3] [4] persists.
